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ABSTRACT

Dental Implants have been considered one of
the most reliable treatment modality in
Dentistry. To enhance clinical performance &
Osseointegration  of  implants, several
modifications in topographic characteristics &
different surface coatings are tried in which
application of nanotechnology therapy has
brought a remarkable change. Modifying
surface roughness has been shown to enhance
Bone to Implant contact (BIC) and improve the
clinical performance of implants. Different
approaches like application of calcium
phosphate (CaP) and Hydroxyapatite coatings
using nanotechnology on implants stimulate
and enhance osseointegration. The goal of this
review is to highlight the role of
nanotechnology in implant surface coating
modification for improving osseointegration
and to enhance its clinical success.
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INTRODUCTION

Greatness does not come from size. Surprises
come in small packages. “Nano” is derived from
the Greek word which stands for “dwarf”.
Nanotechnology is the science of manipulating
matter, measured in the billionths of meters or
manometer, roughly the size of two or three
atoms.™) Nanomaterials are those materials with
components less than 100 nm in at least one
dimension, including clusters of atoms, grains
less than 100 nm in size, fibers that are less than
100 nm diameter, films less than 100 nm in
thickness, nanoholes, and composites that are a
combination of these. Studying dental structures

and surfaces from a nanoscale perspective leads
to better understanding of the structure function-
physiological relationship of dental Implant
surfaces. Using nanocharacterization tools, a
variety of oral diseases can be understood at the
molecular and cellular levels and thereby
prevented. Nano-enabled technologies thus
provides an alternative and superior approach to
assess the onset or progression of diseases, to
identify targets for treatment interventions as well
as the ability to design more biocompatible,
microbe resistant dental materials and implants.!?!
IMPLANT SURFACE DESIGN

Implant surface character is one implant design
factor affecting the rate and extent of
osseointegration.®™  The process  of
osseointegration is now well described both
histologically and at the cellular level. The
adhesion of a fibrin blood clot and the population
of the implant surface by blood-derived cells and
mesenchymal stem cells is orchestrated in a
manner that results in osteoid formation and its
subsequent  mineralization.®*®  Failures in
implant therapy have be attributed to implant
design individually, local anatomic and biologic
aspects and of course systemic or functional
factors. Clinical control, for long term success of
implants, with all these factors is a
multidisciplinary treatment planning
procedure.? Implant surface character is one of
the design factors which affects the rate and
extend of osseointegration both histologically and
at cellular level. Adhesion of fibrin clot and blood
derived cells along with mesenchymal cells leads
to osteoid formation and thus subsequent
mineralization.?? Character of implant surface
has been implicated in the process of
osseointegration in different ways such as the
biocompatible nature of CpTitanium, cellular
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responses and improvements in bone formation at
implant surface.'® Earlier studies have proven
that grit blasted and acid etched surface were
capable of rapid and increased bone to implant
contact. There has been a number of surface
treatments, thus evolved like sand blasting, acid
etching, plasma spraying, bio mimetic coating,
Anodization etc., Therefore Ti can be modified to
enhance bone to implant contact and can
influence cellular activity or tissue responses.!**
BONE IMPLANT INTERFACE

There have been 3 different philosophies,
proposed on the improved bone to implant contact
which are the Biomechanical theory of Hansson
and Norton, Concept of contact osseointegration
and surface signalling hypothesis supported by
cell culture studies.™ Hansson described the
bone to implant contact, theoretically as well as
mathematically, along with the role of surface
roughness. According to him; implant surface
should be densely covered with pits 1.5um depth
and 3-5 pm diameters. Mechanical interlocking of
bone is a necessity for the initial stabilization and
signaling of the bone forming tissue.™ Principal
role of fibrin clot stabilization on implant surface
is an important factor, along with physical
interlocking of fibrin fibers. This promotes the
directed on growth of bone forming cells on
implant surface. Enhanced surface topography
effectively  enhances  extracellular  matrix
synthesis and, thus provides faster and reliable
osseointegration.'”? " Many  Micron  level
topographies are available today, which can
improve bone to implant interface which has been
supported by earlier clinical studies. Lately,
studies on implant surfaces have proven to make
osteoinduction  of  progenitor  cells, by
immobilization or Nano scale surface
engineering."® Today, a growing aspect of
endosseous implant surface research is focused on
further enhancing the activity of bone forming
cells at the tissue implant interface. For achieving
this type of bioactivity, variety of different
approaches have been tried.
NANOTECHNOLOGY AND SURFACE
SCIENCE

According National Aeronautics and Space
Administration, nanotechnology and surface
science is the creation of functional materials,
devices and systems through the control of matter
on the Nano length meter scale (1-100nm) and

exploitation of novel phenomena and properties at
that length scale. Nanotechnology involves, both
one dimensional concepts involving nano dots
and nano wires and self-assembly of more
complex structures, nano tubes. Materials can be
classified as nano structures, nano crystals, nano
coatings, nano particles and nano fibers.')
Application of nano technology to dental implants
involves 2 dimensional association of surface
features which are Isotropic, i.e., organized and
Anisotropic  which  defines  unorganized
dimensional  associations.  Albretsson  and
Wennerberg divided implant surface quality into
mechanical properties, topographic properties and
physicochemical properties.™® They indicated
that these characteristics are related and by
changing any of these groups the others will also
be affected. One frequently encountered
limitation to studies comparing nano- and micron-
level surface topography is that it can be
extremely difficult to isolate chemistry or charge
effects induced by the nanotopography. When
atomic level control of material assembly is
approached, the surface properties are influenced
by quantum phenomena that do not govern
traditional bulk material behaviour.”! The
recapitulation of natural cellular environments
can be achieved at the nanoscale. Nanoscale
modification of an implant surface could
contribute to the mimicry of cellular
environments to favor the process of rapid bone
accrual. Nanotechnology has been shown to
influence cell adhesion, proliferation and cell
specific adhesion. Related changes in chemistry
and nanostructure impart important chemical
changes and thereby bio mimetic relationships
between alloplastic surfaces and tissues. An
important aspect of nano topography that has led
to the interest of many investigators is that it is
mimics natural cellular environment.??
METHODS FOR CREATING NANO
FEATURES IN CPTITANIUM IMPLANTS
There are different methods to impart
Nanotopography to implant surfaces, some of
which are already being used to modify implants
available commercially and a number of new
techniques are still under trials. Some of these
methods are, being discussed. By using a self-
assembly monolayer, the exposed functional end
group molecule could be one with different
function. It could be osteoinductive or cell
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adhesive molecule. Various physical approaches
have also been introduced, like compaction of
nanoparticles, which is not very commonly used
in dental implants and other is ion beam
deposition, where Nano features are imparted to
the surfaces based on the type of materials used.
Various chemical methods like acid etching,
peroxidation, alkali treatment (NaOH) and
anodization have also been used to impart Nano
topographies by either producing a Titania gel
layer or creating an oxide layer. Additive methods
of nanoparticle deposition have been used, by
using sol —gel, colloidal particle adsorption,
where atomic scale interactions display strong
physical interaction. Other methods include
discrete crystalline deposition and lithography
and contact printing technique.

NANO SURFACE TREATMENTS AND
CELL INTERACTIONS

Nano topography alters cellular responses,
interactions and alters their behavior. It also has
specific effects on cellular behavior. They can
alter, cell — surface interactions and protein -
surface  interactions.”®!  Protein  surface
interactions and surface wettability controls
osteoblast adhesion and is therefore critical for
osseointegration. Protein adsorption mediates
subsequent cell attachment and proliferation. Cell
binding to protein is mediated by integrin
receptors, which are protein receptors that make
the cells very social to the new surface.?”
BACTERIAL ADHESION

Another interesting finding that has been reported
in the literature is that bacterial adhesion and
proliferation is also diminished on nano phase
surface modified materials. Decreased bacterial
colonization, with promotion of osteoblast
adhesion and differentiation is an ideal approach
to implant therapy.™ Apparently, nanoscale
features can increase adherent cell proliferation.
In the work by, Webster and his coworkers they
reported an increase in the osteoclastic activity
and thereby increase in resorption pits.®
SURFACE WETTABILITY

Changing the wettability of a biomaterial also
alters cell interactions. Extracellular matrix
protein adsorption onto surfaces is affected by
surface energy that can cause osteoblast adhesion.
Cell adsorption and motility are also attributed to
the function of integrin’s. Anderson and
colleagues, said a cell morphology and cytokine

production with 15mm wide and 185 nm deep
grooves versus substrates with 100nm high and
168nm diameter hemispherical nanopillars, and
found cells on hemispherical pillars had smaller
areas and more membrane projections and also
reduced protein secretion - (70-100nm is
considered the best).?” Zhao and Coworkers used
3 different approaches which are, namely
Electrochemical machining, Anodization and
chemical etching and they found an inverse
relationship between cell proliferation and cell
differentiation with diminishing scale of surface
roughness.?® However, Webster and colleagues
observed an increased osteoblast proliferation on
the nano scale materials tested, thus proving nano
surface treatments can improve osseointegration.
SURFACE REACTIVITY AND
MINERALIZATION

Nanotechnology is also proven to alter surface
reactivity. Existing reports suggest that little bone
bonding occurs at endosseous Ti implants, during
early phases of bone formation. Bone bonding
may be a benefit attributed to Ti implants through
nano scale modifications. Initiation  of
mineralization by absorbed proteins is critical in
success of implant therapy. Development of
implant bone interface may be influenced by both
nano and micron scale parameters. Many different
methods are used to impart nano scale surfaces
and many are commercially available. In a study
conducted in rabbit tibia model higher bone to
implant contact was observed for nano scale as
compared to micron scale. In studies conducted
on canine mandible by means of gap
osseointegration, Berglundh and colleagues
concluded that healing was greater in Nano scale
roughened implant as compared to micron
scale.”! In spite of the above mentioned aspects,
the use of nano scale topography and
nanotechnology to enhance tissue-abutment
interface remains unexplored. However current
available evidence proves nano scale surfaces
provide incremental advantages to clinical
problems when rapid bone to implant surface
contact is required.

CONCLUSION

Modifications at nanoscale have been proven to
alter the topography and chemistry of implant
surface and thus improving the cellular
interaction,  decreased  bacterial  adhesion,
wettability,  increased  surface  reactivity,
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mineralization and thus improved
osseointegration. Such changes alter the implant
surface interaction. Nano scale alterations may
provide bone bonding and interfacial bone
formation. Long term clinical evaluation will
define the potential benefits and risks of
manipulating biomaterial interfaces at the nano
scale level.
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